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INTBODOCTION AND REVIEW OF LIIERA3DRE 
ISie region of intense microbial act ivi ty around 
the roots of plants i s known as the 'Rhizosphere*. Bils 
term was suggested by Hiltner in 1904, which accorcSing 
to him refers to that region of the soil which Is unJer 
the influence of plant root. Although this region was 
characterised by greater microbial act ivi ty than soi l 
more dis tant from the plant, relatively l i t t l e attention 
was paid to the rhizosphere for a quarter of a century, 
apart from scattered investigations which supported 
Hiltner 's observations. I t was Starkey ( 1929 ) who 
again initiated the work and suggested the importance of 
rhisosp^re* Ihe classical researches of Starkey 
( 1929, 1931 ) did much to reawaken the interes t in the 
relationship between soil microbe and plant. During the 
l a s t tliree decades substantially rich contributions have 
been mside in this field and the interactions involving 
the soil microbes, soil-borne pathogens and higher plants 
have received attention of several plant pathologists and 
microbiologists. I t i s in the rhizosphere that the soi l 
microbiologists and plant pathologists find a region of 
common interes t . Some term l ike 'Ehizoplane' for 
externail surface of plant root together with closely 
adhering part icles of soil or debris as well as ' outer 
rhizosphere ' or closer rhizosphere to designate the s i tes 
of microbial concentration have also been in use. 
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Rhizosphere i s a highly favourable habitat for 
proliferation and metabolism of the microorganisms. This 
population has been intensively investigated by the 
microscopic, cultural and biochemical techniques. 
Different plant species establish different type of f lora . 
!Qje variations have been attributed to the differences in 
the rooting i^bi t s , tissue composition and excretion 
products of the microorganisms. 
Age of the plant and environmental condition 
profoundly influence the microecology of the region. 
!a.monin ( 1940 ) recorded the establishment of a rhi -
zosphere microflora within three days of seed germination. 
Further development of the rhizosphere population depends 
on the growth pattern of the plant. Usually maximum 
activity in the rhizosphere region i s reported when the 
vegetative growth i s a t i t s peak. Maximum activi ty i s 
usually exhibited in the central or crown portion of the 
root which decreases with tne increasing distance in 
horizontal as well as vert ical direction from the base 
of the stem. KrassUnikov et a2. ( 1933 ) and Obraztzova 
( 1935 ) observed an increase in rhizosphere micro-
organisms, when the plants were mature. Berezova ( l94l ) , 
concluded that the microbial population varied quali ta-
tively a t different stages of the growth of plant . 
Bovira ( 1969 ) observed that the rhizosphere act ivi ty 
of wheat reached a d i s t inc t peak a t the t i l l e r ing stage 
and the stlKulation of fungi was greater than that of 
actlBODiycetes and bacteria. Peterson ( 1969 ) showed 
that when barley, flax and wheat plants were veiy young 
Pythium sp. predominatedj however, after f i f th to 
twentieth day Pythium sp. was replaced by Phoma sp. and 
Fusarixim sp . , Periconia sp. was more abundant on barley 
and flax while Gylindrocarpon sp. on wheat. Agnihothrudu 
( 1953 ) studied the microflora of some of the important 
crop plants of south India and observed a decline in 
fungal numbers up to the time of the flowering of the 
plants. However, when the plants such as French bean, 
Cluster bean. Sesame and Sunn-hemp started flowering 
there was an increase in fungal numbers. Patel and Iyer 
( 1961 ) observed an increase in mould counts during the 
early stages of the growth of cotton and i t extended 
throughout the rainy season. !I3ie population decreased 
immediately after the monsoon and gradually increased 
thereafter showing no decline even after flowering and 
balling. Bahadur and Sinrm < 1966 ) were able to isolate 
16, 14 and 16 species of fungi from the rhizosphere after 
30, 60 and 90 days respectively. However, the fungal 
population increased with the age of the plant. Gujrati 
( 1969 ) observed that the fungal population of the 
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rhizospiiere of l e n t i l and Clcer arletinum increased from 
the seedling stage to a maximum a t flowering and f ru i t i ng 
then decreased and rose again a t the senescent stage vhen 
the dematiaceous fungi predominated. 
IThe influence of root on fungal genera i s 
se lec t ive to type rather than to the t o t a l number. 
Continuous cu l t iva t ion of a s ingle crop frequently 
favour the growth of Bhizopus, Chaetomium. Aspergillus« 
Penicil l ium and Fusarium, but the genera dominating the 
environment vary with the crop, the so i l and the c l imate . 
Agnihothrudu ( 1967 ) reported that Asperg i l l l were much 
more frequent than any other group of organism working 
with tlie rhizosphere microflora of f i f teen crop p l a n t s . 
Agnihothrudu ( 1955 ) concluded that most of the fungi 
were present in vegetat ive stage of root surface whereas 
in so i l away from the roots nearly 60J^  to 70jK colonies 
were derived from the spores. Fanvar e t a l ( 1967 ) 
recorded a la rge number of fungal species from the 
rhizosphere of some common dese r t plants colonising the 
sand dunes. Rhizopus, Aspergi l lus . Penicillium« 
Chaetomium. Neocosmospora. Al te rnar ia . Helminthosporium. 
Curv'Jilaria and Fusarium were some of the common genera 
which o<2cured p rac t i ca l ly a l l the year round, while the 
a c t i v i t y of ce r ta in forms l i k e Choanephora« Cunninghamella« 
Sordaria^ Monocillium« Myrothecium. Cladosporium, 
Cyllnd rocephalum« Cepimlosporlum^ Trichotbeclumt 
Sporo trie hum and Phoma varied with the age of the plant 
and season* 
Biere are numerous reports to show that micro-
bial floia of rhi250sphere is significantly richer than 
the flora of non-rhizosphere so i l . I t has been reported 
by a number of workers that there is more population of 
micro-organisms in rhizosphere in comparison to non-
rhizosphere. Ishizawa e^ ^ ( 1957 ) , working with 
barley, timothy ani alfalfa} Bamachandra Reddy ( 1969 ) 
with six types of Pteridophytesj Jfeliszewske and Moreau 
( 1969 ) with white spruce; Ivarson and Katznelson ( i960 ) 
with yellow birch; strzelezyk < 196ia ) with onitm, radish, 
and wheat; Rouatt and Katznelson ( 1961 ) with six crop 
plants including flax, clover, oats and corn; 2&gallo 
and Bollen ( 1962 ) with t a l l fescue, Rangaswami and 
Vasantiiarajan ( 1962 ) with c i t rus ; ISward, Shrivastava 
and Najjn ( i960 ) with a wide variety of crops grown in 
India, observed a positive rhizosphere effect, Padma 
and Mukherji < 1972 ) working with Rauwlfia serpentina 
observed more population in non-rhizosphere in comparison 
to rhizosphere* 
With the possible exception of l i gh t , the 
environmental factors l ike moistare, temperature may 
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exert d i rec t and indirect effect oa the rhizospiiere 
population. Seasonal effects as reported by various 
workers ( Katznelson, 1946; Miller and Boothroyd, 1962 ) 
may be considered to reflect tiie combined influence of 
a l l these environmental conditions. Eovira ( 1959 ) 
studied the effect of l igh t and temperature on root 
exudation. Rouatt and Katznelson ( i960 ) observed 
changes in the rhizosphere of wheat with reduction of 
l igh t intensity from lOOO to 300 f t . E.A. Peterson 
( 1961 ) concluded that shading of plants had no 
appreciable effect on vegetatively active fungi 
colonizing the primary roots of wheat and soybean 
seedlings. Btenderson and Katznelson ( 1961 ) observed 
a decrease in the total count of nematode in the 
rhizosphere of wheat as the l ight intensity was reduced• 
A detailed st^dy on temperature effect has been carried 
out by Rouatt, Peterson gt a l C 1963 ) with wheat and 
soybean grown a t three ranges of temperature, 66-60°, 
70-76° and 85-90°F. Numbers of bacteria in the 
rhizosphere and rhizoplane of wheat increased as the 
tempera lure decreased, whereas numbers in the root free 
soil and on soybean roots incrtsased with increased 
temperature. The same relations held for methylene-
blue reducing, flucose fermenting and ammonifying 
bacteria and those requiring amino acids for optimal 
1 
growtii. Fungal isolatioos showed a higher incidence 
of Mucer« Bfaizopus* Bbizoc tonia and Gliocladium on 
soybesiQs a t the high temperature, vhereas species of 
Fusarium and Cylindrocarpon were prevalent a t the low 
temperature. With wheat the most striking feature was 
the predominance of nonsporing dark species a t the high 
temperature and of nonsporing hyaline types a t the low 
temperature. !I!he number of soil nematodes decreased 
in both rhizospheres with higher temperature, Specially 
with soybeans. Ihe results suggest that temperature 
exerts both d i rec t and indirect effects on the rhizosphere 
population, the l a t t e r being the more important. Early 
studies by Clark < 1940 ) and Hmonin ( 1940 ) showed 
increased microbial counts in the rhizosphere of wheat 
and flax, respectively, as the soil moisture content 
decreased. Similar observations were made l a t e r by 
Clark ( 1948 ) with soybeans. Venkatesan ( 1962 ) 
obtained highest counts of bacteria, fungi, and actino-
inycetes in the rhizosphere of rice in soil with 20 and 
40jS moistures but the B ; S rat io increased with greater 
moisture content unt i l saturation? Sondhi ( 1964 ) 
observed a greater fungal species and higher population 
in the rhizosphere mycoflora of Cicer arietinum Linn 
a t 16^ moisture level than a t 26 or 35 percent. 
Some of the substances released by the plant 
roots iiave been identified and isolated, but the l i s t i s 
far from being complete. In the field of root-exudate 
research there are papers of historical in teres t reporting 
the release of nitrogen compounds, sugars, phosphatides 
and nematode stimulating factors from roots. Ihe f i r s t 
conclusive evidence of exudation from roots was provided 
by Knudson ( 1920 ) , vho showed that peas and maize grown 
under aseptic conditions in sucrose solution produced 
considerable quantities of reducing sugars. Knudson 
proposed that the sucrose was absorbed by roots and 
converted to reducing sugars which was excreted. Lyon 
and Wilson ( l921 ) found that organic nitrogen was 
releaseiS from maize roots growing under s t e r i l e conditions 
in large capacity vessels} they concluded that this 
material was released by living roots rather than the 
sloughec} off root ce l ls which accumulated a t the bottom 
of the vessels. Phosphatides were reported by Craner 
( 1922 ) as coming from the roots of seedlings and mature 
plants . Ihe f i r s t conclusive evidence of the stimulation 
of specific organisms by root exudates was that of O'Brien 
and Prentice ( 1930 ) . By showing that the cysts of the 
potato eelworm hatched in the presence of root washings 
of potato but not the washings of beet, rape, lupin, 
mustard or oat roots, they demonstrated the biological 
spec i f ic i ty of the exudates of d i f fe ren t p l a n t s . After 
these early reports l i t t l e was done in the f ie ld fo r a 
long time. Kiis delay in following up the e a r l i e r 
discoveries was probably due to two major technical 
problems, namely the growth of plants in su f f i c ien t 
numbers under s t e r i l e condit ions, and the iden t i f i ca t ion 
of organic materials a t the low concentrations a t which 
they occur in root exudates. Katznelson £ t a l ( 1964 ) 
reported the excretion of ten aminoacids and a reducing 
sugar s imilar to that of glucose from the roots of 
tomatoes, soybean, barley and oa t s . Rovira ( 1956 ) 
obtained 22 amino acids excreted from the pea roo t s . 
Bhuvaneswari and Subba Bao ( 1967 ) spotted several 
organic acids and sugars from the root exudates of 
Sorghuim vulaare and Brassica .luncea. Roy and Dwivedi 
( 1957 ) l i s t ed leucine , methionine, a lan ine , glutamic 
ac id , aspar t ic acid , cys t ine , phenylalanine, a rg in ine , 
rhamnose, arabinose, glucose, f ructose , sucrose and 
raffinose as the const i tuents of root exudates of some 
leguminous crops . 
Bae root excretions have been found to have 
pronounced influence on the germination of fungal spores. 
Barton ( 1957 ) reported the germination of oospores of 
Pythium mamillatum when they were placed in s o i l before 
growing turnip seedlings while in non-rhizosphere so i l 
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or in dis t i l led water they vere incapable of germination. 
Coley-Smith and Hickman ( 1957 ) made similar observations 
regarding the germination in soil of sclerot ia of 
Sclerotium cepivorum in the presence of onion. Roy and 
Dwlvedi ( 1967 ) found complete inhibition of conidial 
germination of Helminthosporium sativum and Fusarium 
culmoniffl on glass slides in unsterilized soil but majority 
of the conidia vere able to germinate when wheat seedlings 
were grown on the s l ides. Ihere are several other 
examples also which demonstrate that roots l iberate the 
water-soluble compounds which activate the germination of 
fungal spores. Roberts and Roberts ( 1939 ) reported 
that substances inducing an auxin-like response in Avena 
coleoptile were produced in agar media by 77 percent of 
bacteria, 66 percent actinomycetes and 46 percent soil 
fungi. Some coianon rhizosphere bacteria l ike species of 
Pseudomonas and Agrobacterium are capable of synthesizing 
indole acetic acid. I t i s possible that auxin biosyn-
thesis may be an important means of plant stimulation. 
Studies have been conducted on the rhizosphere 
flora of different soil types. A good comparison of the 
effect of three different soi ls on the fungal flora of 
wheat and red clover roots was made by E.A. Perterson 
( 1968 ) , whereas the R i S ratios of plate counts did 
not vaiy for red clover in the three so i l s , for wheat a 
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value of 34 was noted in the acid sandy loam and of lO 
in the neutral clay loam. With red clover the acid 
soil favoured Fu^arlum species on the root surface 
wnereas the other two soils favoured Cylindrocarpon^ 
Gliocladium was not isolated from roots in acid or 
alkaline soil but contributed 12JS of the isolates from 
roots in neutral so i l . With wheat grown in acid soi l 
Fusariuffl species again predominated and Cylindrocarpon 
on wheat in the alkaline so i l . Rapidly sporing types 
such as Penicillium were most numerous in both acid and 
neut»al rhizosphere and root-free soils for both plants 
but not in the chalky so i l . A dominance of Fusarium 
over Cylindrocarpon species on leek-roots in acid soil 
was also shown by Parkinson and Clarke ( 1961 ) . 
Species of Gliocladium and Mortierella were more numerous 
on roots from acid so i l . Soil reaction may, therefore, 
have an appreciable influence, as Welte and Irolldenier 
( 1961 ) have also pointed out, on the microbial popu-
lation in the rhizosphere. 
A survey of the l i t e ra ture ( Katznelson, 
Lochhead, and fimonin, 1948; Lochhead, 1969 ) reveals 
that i:he effects of soil treatment on the root popiaation 
are often not very striking and usually unpredictable. 
Voroshilova ( 1956 ) reported that complete mineml 
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f e r t i l i ze r s tiad l i t t l e effect on the number of organisms 
in the rhizospherej vhereas Mosolov, Eempe, and 
Alexatidrovakaya ( 1959 ) recorded increased counts in 
the root zone of vinter wheat. Louw and Webley (1969) 
reported a favourable bacterial response in oat 
rhizosphere on addition of superphosphate and concluded 
that this was due to increaseti plant growth, since no 
such effect occurred in the uncropped ( control ) so i l . 
In an extensive report on organic and nitrogen amendments 
of soil in relation to rhizosphere fungi on bean roots, 
Davey and Papavizas ( i960 ) obtained a positive effect 
when the beans were planted 25 days after the amendmeit 
was added; the R : S ratio increased from 6 J 6 in the 
untreated soil to 9 s 3 in the amended soi l j but the 
degree of variation was such that this change may not be 
particularly significant. With Penicillium lilaeinura, 
however, a d i s t inc t rhizosphere effect occurred with the 
organic amendment. Eie addition of a nitrogen source 
increased the fungus E s S from 8 to 20. Again 
Penicillium was favoured in a l l amended so i l s . While 
studying the fungi of lupine roots, Papavizas and Davey 
( 1961 ) observed no significant differences in response 
to corn stover with or without ammonium n i t r a t e . A 
detailed study of individual fungi of the rhizoplane was 
claimecl to show a preferential effect on species of 
Penicillium and Mortierella. yet the counts of Penici l l ia 
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went up from 88to 584 with corn stoveri but so i l counts 
went up from 63 to 334. saratsevich and Horisoval <l96l) 
reported tha t in pot experiment, mineral and organic 
f e r t i l i z e r s had l i t t l e effect on counts in uncropped 
so i l or in wheat rhizosphere, but in f ie ld experiments 
the effect of the f e r t i l i z e r s depended on the time of 
the year . Venkatesan ( 1962 ) showed that the addi t ions 
of manures ( green leaf , farm yard ) lowered the 
rhizosphere effect of r i ce for bacter ia and fungi for 
the f i r s t 45 days, a f t e r which the E : S r a t i o increased 
from 4 to 2 1 , however, the effect was veiy l i t t l e with 
act inonycetes. F e r t i l i z e r treatment ( NPK in various 
combinations ) showed bac te r ia l B t S r a t i o s to be higher 
with potassium than with other elements, but not higher 
than in untreated s o i l ; NP and NPK lowered the R x S ratio* 
L i t t l e change due to treatment was recorded for fungi 
and actinomycetes, the l a t t e r being somewhat depressed 
in the rhizosphere a f t e r phosphorus addi t ion . Absah-
jamova ( 1963 ) reported that the appl ica t ion of organo-
mineral mixtures great ly increased the t o t a l number of 
bacter ia in the rhizosphere of maize, beet , and winter 
wheat. Mishra < 1972 ) observed tha t super phosphate 
stimulated the rhizosphere mycoflora of Oryaza sat lva 
Linn. 
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Bie Intense microbiological act ivi ty in the 
riiizosphere has direct or indirect effect on plant 
pathogen. Usually, i t has been observed that so i l -
borne pathogens are more destructive in s t e r i l e than in 
normal unsterilized so i l . The major composition of 
rhizosphere popiaation consists of non-pathogenic 
organisms. Therefore, pathogenic organisms have to 
face this barrier in order to in i t i a t e the infection. 
In many cases the resistance or susceptibility between 
the different variet ies of single plant species are 
linked with microflora of rhizosphere. Varieties of 
flax susceptible to Wilt caused by Fusarium oxysporum 
F. l i n i were found to have a greater number of micro-
organisms than the resistant var ie t ies . Similarly, 
tobacco variet ies susceptible Biielaviopsis basicola 
root rot supported a larger number of bacteria actino-
mycete and fungi In their root zone than the resis tant 
var ie t ies . Agnihothrudu ( 1969 ) while studying the 
rhizosphere microflora of tea in relation to charcoal 
stump rot caused by Psti l ina zonata, reported that there 
was enormous difference in the density of fungi and 
bacteria in the rhizosphere flora of apparently healthy 
plants and infected ones. A great variety of species 
of fungi were recorded in the rhizosphere of diseased 
plants. Sulochana < 1958 ) made quantitative studies 
of rhizosphere flora of two genetic strains of two species 
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of cotton ( the diploid susceptible variety of 
Gossypium arborium race indicum Linn and tetraploid 
resis tant Gossypium hirusutum L. ) oQtained interesting 
resul.ts about the nature of the root exudates and their 
role on the activity of the plant pathogens. 
Srivastava and Mishra ( i97l ) studied the rhizosphere 
mycoflora of resistant and susceptible var ie t ies cf 
wheat to Puce in ia graminis and observoi more population 
of fungi in susceptible var ie t ies . Babushkina ( 1973 ) 
recorded more fungi in the rhizosphere of cotton infected 
by Verticillium dahliae in comparison to healthy plants . 
In most of the cases, no satisfactory answer i s availa-
ble for the difference in the disease resistance between 
the variet ies of a single plant species. To a certain 
extent such variation can be attributed to the differences 
in the rhizosphere f lora. I t seems quite probable that 
in resis tant variet ies root excretions may induce the 
development of a flora which i s competitive with or 
antagonistic to the pathogen. Brian ( i967 } mentioned 
that successful control of root diseases probably l i e s 
in the development of satisfactory method for influencing 
the rhizosphere microflora. In this l igh t the rhizosphere 
may be considered as the microbial buffer zone in which 
microflora serves to protect the plant from the attack 
of the pathogen. 
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Many workers have envisaged the p o s s i b i l i t i e s 
of improving the plant growth and crop yield by modifica-
tion of rhizosphere microflora. In a number of cases 
the rhizosphere microflora has been al tered by giving 
ce r ta in trealanents to the p lan t . Biere i s mounting 
i n t e r e s t in f o l i a r appl icat ions because t h i s p rac t ice 
may be a more d i r e c t means of influencing the rhizosphere 
population. Helleck and Cochranee ( 19S6 ) observed 
changes in the rhizosphere microflora of bean p lants 
which were sprayed with boi^eaux mixture. Ramachandra 
Reddy ( 1969 ) , while studying the rhizosphere microflora 
of r i c e , observed that urea sprays modified the 
rhizosphere environment by exerting a change both in 
nature and amount of root exudates which in turn possibly 
influenced the microbial balance. Roy and Dwivedi 
( 1967 ) reported that f o l i a r spray of ce r t a in hormones 
l i k e indole ace t ic acid or 3-yl-propionic acid resulted 
in increase of rhizosphere population. Dwivedi and 
Singh ( 1971 ) observed changes in the rhizosphere 
mycoflora of soybean as a resu l t of f o l i a r spray of 
g ibere l l ic ac id , maleic l^drazide arrf urea. Lowest 
concentration of gibberel l ic acid increased the number 
of fungi whereas the high concentrations showed the 
inhibi tory e f fec t . All the concentrations of maleic 
hydrazide tested showed the inhibi tory ef fec t on the 
number of rhizosphere fungi. Urea a t the m t e of 
, ; 
60 ancl lOO ppm showed no quant i ta t ive effect but 200 ppm 
increased the rhizosphere fungi. Vaidehi ( 1973 ) observid 
an increase in the micro-organisms in the rhizosphere of 
r i ce as a r e su l t of f o l i a r appl ica t ion of urea , 
Ihere are many faces of re la t ionship which 
ex i s t between the plant root and i t s rhizosphere population. 
Undoubtedly the most important contr ibut ion of the p lant 
to the rhizosphere f lora i s the provision of excretion 
products and sloughed-off t i ssue which serve as the 
sources of energy, carbon, nitrogen or growth factors* 
As a r e su l t of root resp i ra t ion there i s evolution of 
carbon dioxide which a l t e r s the pH of the surrounding 
environment and ul t imately influences the a v a i l a b i l i t y 
of the inorganic nu t r i en t s . On the other hand, root 
penetration improves so i l s t ruc ture which f a c i l i t a t e s 
microbial oxidation. Bespiration of both macro and 
micro organisms leads to greater carbon dioxide production 
from the rhizosphere than from non-rhizosphere s o i l . 
Starkey ( 1929 ) has shown tha t stimulation of break 
down of organic matter in so i l of root zone i s f a r more 
pronounced with mature than with young p l a n t s . Comparative 
study of the two types of so i l s has shown that about two-
third of the carbon mineralized, i s the r e s u l t of microbial 
r e sp i ra t ion . Larger carbondioxide l ibera ted in rhizosphere 
has, tiierefore, an obvious influence on the crop n u t r i t i o n . 
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Harris ( 1953 ) reported that nodulatlon and 
nitrogen f ixa t ion by some p a r t i a l l y effect ive Bhizoblum 
s t r a in s are enhanced by simultaneous inoculation with 
several rhizosphere bacter ia and fungi. Nilsson ( 1967 ) 
suggested that organic phosphorus mineral izat ion using 
glycerophosphates and nucleic acids as subs t ra tes was 
more rapid in rhizosphere than in so i l away from the root 
e f fec t . There are a lso evidences to show the capacily 
of rhizosphere microorganisms to a l t e r the so lub i l i t y 
and subsequent u t i l i z a t i o n of iron and manganese. 
Tr1.4ca;^, and ?9Pn4s^1^^m ( Pearl m i l l e t or 
Bajra ) are important ce rea l s . Tr i t i ca le a 'man made' 
c e rea l , with the prefix of Iriticum and the suffix of 
Secale the parental genera. , i s an a r t i f i c i a l l y crossed 
Intergenerlc hybrid between e i t he r te t raploid wheat 
( ! • durum ) and diploid rye, giving a hexaploid 
Tr i t i ca le or a hexaploid wheat ( T, aestivum ) with 
diploid lye , giving an octoploid Tr i t i ca le followed by 
the doubling of the chromosomes of the s t e r i l e F hybrid. 
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Presently Tr i t i ca le i s being grown on more than 400,000 
hectares in 62 count r ies , under a wide range of environ-
mental condi t ions , from the p r a i r i e s of Canada to the 
foot h i l l s of the Himalayas ( Hulse and Spurgion, 1974 ) , 
iS 
Since the cereal i s of recent o r ig in , there i s 
complete lack of infoimation on the rhizosphere mycoflora. 
Similarly no systematic vork lias been carr ied out on the 
rhizosphere of Pennisetum typhoides* Therefore, in the 
present s tudies an attempt wi l l be made to determine the 
rhizosphere mycoflora of Tr i t i ca le and Pennisetum 
typhoides from the time of seed germination up to the 
harvest of crop. Attempts wi l l a l so be made to study 
the effect of d i f f e ren t environmental fac tors which 
influence the mycoflora. 
'••• 0 
I t is planned to study the following aspects:-
1. Effect of age of plant on rhizosphere and rhizoplane 
nQTcoflora of Trlticale and Pennisetum. 
2. Effect of age of Trlticale and Pennisetum typhoides 
on the R : S ra t io . 
3 . Rhizosphere and Rhizoplane mycoflora of different 
varieties* 
4. Effect of different soil types rhizosphere and 
rhizoplane nQrcoflora of Trlticale and Pennisetum. 
5. Effect of foliar applications of nutr ients , 
f e r t i l i z e r s , insecticides and fungicides on 
on rhizosphere and rhizoplane mycoflora of Trlticale 
andl Pennisetum. 
6. Effect of soil amendments on rhizosphere and 
rhl.zoplane nycoflora of Trlticale and Penntsetum. 
7. Effect of root exudates of Trlticale and Penniseti^Bf 
on certain rhizosphere fungi. 
8. Rhizosphere and rhizoplane mycoflora of healtbiy and 
diseased plants of Triticale and Pennisetum. 
i 
MAIERIALS AND METHODS 
Most of the experiments will be conducted in 
f ie lds . Some experiments will be corrfucted in pots. 
Preparation of f ie lds : 
Thoroughly ploughed fields will be divided into 
lO sq.m. bedS) each with separate water channels) leaving 
0.5 m. buffer zone oetween them. There will be three 
beds for each treatment* 
ffalzosphere aycoflora of Triticale and Pennisetum in 
relation to age and R : S rat iot 
Isolation of rhizosphere fungi will be made a t 
intervals of 15 days from seedling stage to the naturation 
of the crop. Non-rhizosphere fungi will be isolated 
from vinsown portion of beds. For isolating fungi 5 
plants will be carefully removed and put in polythene 
bags and brought to the laboratory. The roots will then 
be gently shaken to remove superfluous so i l . The actual 
soil sticking to the plants will be taken in a steril ized 
petr iplate so as to make a composite sample. The soil 
wil l be transferred with a sterilized flattened tip of 
a needle into petr i dishes containing lO ml of steril ized 
melted and cooled agar medium* ( Parkinsen, 1967 ) . 
• Glucose 
Agar Agar 
KNO3 
MgS04 
K2JaP04 
Eose bengal 
10 g. 
20 g. 
1 g» 
1 g-
1 g« 
1 8 30,000 
Distilled water lOOO C.C. ( Khan and Siddiqi 1962 ) . 
a#enty plates will be poured for each data. 
The Petri plates will be incubated a t 28°C and the fungi 
which will develop after one week,will be ejfamined and 
identified. The frequency of fungi will be calculated 
by the formulaj-
Humber of plates containing a particular fungus y 100 
Total plates poured 
For determining the population the soi l held on a 
flattened tip of a needle will be transferred to each 
p la te . Later the average weight of each transfer will 
be determined. Subsequently the population wil l be 
determined by counting the number of colonies developed 
in a l l the plates and then transforming this figure to 
the number of colonies to be developed in one gram of 
so i l . 
wUl 
Samples of non-rhizosphere soil /be brought 
in polythene bags from the uncultivated portion. Five 
, 3 
random samples wi l l be obtained and w i l l be thoroughly 
mixed into a composite sample. Soil from the composite 
sample wi l l then be transferred with the f la t tened and of 
a neeclle to s t e r i l i zed p e t r i d ishes containing 10 ml of 
s t e r i l i zed melted aoa cooled agar . !EWenty rep l i ca te 
pe t r id i shes wi l l be taken for each da ta . The p e t r i -
p la tes w i l l then be incubated a t 28^0 and the fungi which 
wi l l develop a f t e r one week wi l l be examined and i d e n t i -
f i ed . R : S r a t i o wi l l be calculated on the bas i s of: 
Number of organisms per gram of rhizosphere «o i l 
Number of organisms per gram of non-rhizosphere so i l 
For studying the rhizoplane mycoflora the s e r i a l root -
washing technique of ^ r l e y and Waid ( 1966 ) w i l l be 
employed. "Hie roots which w i l l be employed for rh izo-
plane studies wi l l be taken and cu t in to small p ieces . 
The root pieces wi l l be subjected to 30 or more washings 
in s t e r i l e d i s t i l l e d water. The root pieces wi l l then 
be transferred to s t e r i l i zed p e t r i p l a t e s containing 
10 ml melted agar medium. The p e t r i p l a t e s w i l l be 
incubated for one week. After that the rhizoplane 
fungi wi l l be iden t i f i ed . 
Jl 
Bhizosphere and Rhizoplane mycoflora of d i f f e r en t 
va r i e t i e s of Tr l t l ca le and PeaQlsetum: 
In the case of Tr l t lca le seeds of the v a r i e t i e s 
D13-551-1, DQS-855-1, DTS-481, DIS-1019-4, DIB-138 , 
have been obtained from I.A-R.I . In the case of bajra 
PHB^4 variety seeds have been obtained from N.S.C, 
New Delhi and va r i e t i e s HB3, 1164, Bata Pur l , Korr i l 
P a t t i , have been obtained from I .A.R. I . New Delhi . 
Studies of rhizosphere and rhizoplane mycoflora of these 
diffisrent v a r i e t i e s of Tr l t l ca le and Pennlsetum w i l l 
be made from the mature p l a n t s . The methods for 
determining the frequency and the population wi l l be 
same as discussed e a r l i e r . 
Rhizosphere and rhizoplane mycoflora of Tr l t l ca l e 
and Pennlsetum in re la t ion to so i l amendmentss 
After plougning, the beds wi l l be treated with 
d i f f e ren t inorganic f e r t i l i z e r s , organic manures and 
pes t i c ides . There wi l l be three beds for each treatment. 
The seeds wi l l be sown a f t e r one week of the treatment. 
The dose wi l l be as follows: 
Nitrogen - lOO lb per ac r e . 
Potassium and Phosphate - 50 lb per ac re . 
DD - 40 gallons per ac re . 
Kemagon - 2 gallons per acre. 
liiimet - 10 f. - 10 kg per acre. 
Dasanit - 10 kg per acre. 
S^  Rogor G - 10 kg per acre. 
The inorganic fe r t i l i ze r s will tie urea, superphosphates 
and Murate of potash. "Bie organic amendments v i l l be 
compost, Bone meals, Mahua cake, Castor cake, Mustard 
cake, Neem cake and groundnut cake. Ihe pesticides 
that v U l be used are Ihimet - lOG, Nemagon, Dasanit 
and ^ Rogor G. There will be three replicates 
( 3 beds ) for each treatment. One bed v i l l be l e f t 
untreated which will serve as control. Nemagon will 
be mixed with appropriate quantily of water and applied 
with the help of hand injector. The same procedure 
will be followed for D D which will be applied directly 
without eaulsifying in water. 
Rhizosphere and rhizoplane mycoflora of Triticale 
and Pennisetum in 6 different soil types: 
Studies on rhizosphere and rhizoplane mycoflora 
o^ Pennisetum wil l be conducted from six different soil 
types of Aligarh. 2toese soil, types include Eastern 
upland, Yamuna Khadar, Western upland, Central lowland, 
Ganga Khadar and Trans Yamuna Khadar. Ihe plants of 
Pennisetum will be collected from these soil types for 
rhizosphere and rhizoplane analysis. The technique 
,6' 
wil l be the same as discussed e a r l i e r . Since Tr i t i ca l e 
i s not grown in Aligarh, therefore, the so i l w i l l be 
obtained from six d i f fe ren t so i l types* TiSae so i l 
obtained from six d i f fe ren t so i l types w i l l be f i l l ed 
in pots a f t e r sieving and Tr i t ica le seeds wi l l be sQftn. 
Rhizosphere and rhizoplane studi© wil l be made from 
mature p l an t s . !Qie technique wi l l be the same as 
employed e a r l i e r . 
Rhizosphere and rhizoplane mycoflora of Pennisetum 
and Tr i t i ca le in re la t ion to f o l i a r spray: 
Different concentrations v iz . 50, 100 and 
150 ppm each of Gibberellic ac id . Maleic tiydrazide 
and urea wi l l be prepared in s t e r i l i zed d i s t i l l e d water. 
Equal length of 16 days old plants of Penolsetum and 
Tr i t ica le wi l l be selected for spraying. QVelve p lants 
wi l l be taken for f o l i a r spray of each concentration of 
the t e s t chemicals. Spraying wi l l be done with a hcane-
spray atomizer. Care wi l l be taken to see tha t the 
solution wil l be sprayed only on the fol iage of plants 
and not on s o i l . The so i l around the p lants wi l l be 
covered by p la s t i c sheets . Plants wi l l be sprayed with d i s t j 
d i s t i l l e d water a lso which wi l l serve as con t ro l . Three 
sprayings wi l l be done a t for tn ight i n t e r v a l s . 
Rhizosphere and rhizoplane fungi wi l l be analysed by the 
methods discussed e a r l i e r . 
Apparatus for root e3:\idates 
B 
C 
T 
0 
Q 
Bottle 
Small bott le 
Capillary tube 
Test tube 
Basal Narrow opening in the tes t tu|>e '^ "^D L 39'^  
Basal opening in the bot t le 'A*"J>^^ -^ ?^ x 
7 
\C5/J 
v 5 
affect of root ejatudates obtained from the seedlings of 
I r l t ica le and Pennlsetam on the germipation of sPore 
of certain rhizosphere fungi: 
coLLjacnoN OF ROOT gxiiDAias: 
For collection of root exudates the apparatus 
( D.D« Kxilshreshtha, 1969 ) as shown in the figure will 
be us«^. 
To a small bottle 'A* fi t ted vi th a rubber 
cork, a tube ' T' 20 cm long and 2.6 cm wide having a 
narrow basal opening '0* has been introduce! in such a 
manner that i t touches the surface of water in the bot t le 
'A*. Glass wool will be inserted a t the basal end of 
this tube. Another tube ' C has also been introduced 
into the bottle 'A' through a rubber cork and this tube 
has been connected to another bott le 'B* containing 
measured amount of water: 
After plugging the tube • T' and bott le 'B' with 
cotton the whole assembly will be steril ized in an 
autoclave. 
Sterilized seeds of Triticale and Pennisetum 
will be introduced under aseptic conditions and will be 
allow<3d to geminate. When the roots will emerge and 
proliferate in vater, the deserved amount of root exudate 
will be removed through the basal opening ' 0 ' of the 
.'J 
b o t t l e 'A' in a s t e r i l i zed f lask and stored in a 
r e f r ige ra to r . A known quanti ty of water wi l l be poured 
again in the b o t t l e 'A' from tlie b o t t l e 'B« through the 
tube ' C for obtaining fur ther exudates when required. 
COLLECTION OF SPORfiSPJiEFJi EXUDAISS 
Seeds wi l l be treated with O.i per cent mercuric 
chlor ide and then washed several times with s t e r i l i z e d 
water. These seeds wi l l be placed in s t e r i l i zed 
pe t r id ishes containing 6 ml of s t e r i l i zed water. On 
swelling, the seeds wil l be removed and the remaining 
water wi l l be sporos|ihere exiidates. 
PREPAIATION OF SPORE SUSPENSION 
Standard spore suspension of d i f f e ren t 
rhizosphere fungi of concentration lOVml from 7 days old 
cul tures w i l l be prepared for germination t e s t . 
£FF£iCT OF ROOT EXUDATES ON THE GERMIKAHON OF SPORES 
About 0.2 ml of I r i t i c a l e and Pennisetum root 
exudates wi l l be obtained f rcaa 3 , 6 and 10 days old 
seedlings a f t e r growing in the above mentioned apparatus 
a t 20, 25 and 30°C and then transferred to concavity 
s l ides with equal amount of water containing spore 
suspension. The s l ides v i l l then be transferred to 
incubation chamber ( Riker and Biker, 1936 ) , and examined 
under the microscope for germination a f t e r 24 hours. 
:,o 
Spores contained In 0.4 ml of d i s t i l l e d water wi l l serve 
a s con t ro l . There wi l l be three rep l ica t ions for each 
treatment. 
EFFECT OF BOOT I3IIDAIES ON FUNGAL GK)WTH 
The effect of root ejtudates on rad ia l growth of 
d i f f e ren t fungi wi l l be measured by growing the fungus in 
10 ml of PDA to which 6 lal of root exudates of Tr i t i ca le 
and Pennisetum wi l l be added separately . The p la tes 
wi l l be inoculated with spore suspension when the mixture 
wi l l be in solid condit ion. liBiey wi l l then be incubated 
a t 20^C for 12 days and the growth wi l l be measured in mm 
a f t e r 4 , 8 and 12 days. 
DETSmiNATION OF AMINOACIDS. SUGARS AND ORGANIC ACIDS 
Root exudates of Tr i t i ca le and Pennisetum from 
6 days old seedlings wi l l be collected and examined for 
the presence of d i f fe ren t aminoacids, sugars and organic 
acids by c i r cu l a r as well as two dimensional chromato-
graphic technique ( Rinjan e t a l . , 1966; Consden e t a l . , 
1944 ) using n-butanol / ace t ic acid / water tt 4 J 1 : 6 
for aminoacids and sugars; n-butanol / formic acid / water: 
10 J 2 s 6 for organic ac id . The developed chromatograms 
wi l l be sprayed with 0.2 per cent nlnhydrin for aminoacids, 
an i l i ne hydrogen phosphate for sugars and 0.4 per cent 
bromophenol blue in 90 per cent alcohol for organic ac ids . 
ol 
Rhizosphere and rhizoplane mycoflora of healthy and 
Infected plant of Pennisetum and Trltlcalei 
Rhizosphere and rhizoplane mycoflora of 
Pennisetum plants infected with Sclerospora eraminicola 
will be studied and compared with healthy plants . Ihe 
rhizosphere and rhizoplane mycoflora of Triticale infected 
with rust will be analysed and compared with healthy 
plants. Ihe methods for rhizosphere and rhizoplane 
studies will be the same as discussed earlier* 
Pure cultures of fungi encountered during the 
investigations will be prepared either by single spore 
isolation or by hyphal tip isolat ion. The pure cultures 
will be finally naintained on agar medium described 
ear l ier and will be stored in refrigerator. Fungi will 
be identified by consulting Thorn and Raper ( 1945 ) , 
Barnett ( 1946 ) , Raper and Ihom ( 1949 ) , Clement and 
Shear < 1949 ) , Oilman ( i969 ) . 
•> 
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